Objective: To estimate the cost of illness in an incidence based cohort of patients with juvenile idiopathic arthritis. Methods: Direct costs (healthcare and non-healthcare costs) and indirect costs (productivity loss due to sick leave and work disability) were measured in 215 JIA patients, assessed on an average of 17 years after disease onset. Assessment included a clinical evaluation, a structured interview, and two self completion questionnaires. Annual direct costs were estimated based on the reported use of healthcare services and resources, using average unit prices. Indirect costs were estimated from the number of work days missedthat is, using the human capital approach. Results: The mean total cost of late JIA was estimated to be J3500 per patient and year, of which the direct cost contributed more than half. Patients with still active disease (55%) incurred the major share (90%) of the cost. They had a mean total cost of J5700 per patient year, with those under rheumatological care incurring a cost of J9300. Having a certain JIA subgroup, functional disability, or receipt of specialised care independently contributed to the total cost in active JIA. Highest mean total costs were found in active seropositive polyarthritis (J17 000) and extended oligoarthritis (J11 000), while the lowest were found in active enthesitis related arthritis (J1500) and persistent oligoarthritis (J2700). Conclusions: Estimated 12 month costs in late JIA are considerable, differing among the various JIA subgroups. Treatment strategies in JIA should be analysed for their cost effectiveness in the long term.
L imited resources and rapid increments in healthcare expenditure in all countries have led to an increased interest in the economic impact of various diseases. Musculoskeletal disorders have gained special attention, with numerous studies showing their tremendous economic burden. [1] [2] [3] [4] [5] [6] Although literature on the cost of illness in rheumatic diseases has burgeoned in recent years, there has been very little research into cost of juvenile idiopathic arthritis (JIA). 7 8 JIA represents a heterogeneous group of chronic inflammatory arthritides in children, and is very variable in its presentation and course. While many patients experience remission, as many as 50% enter adulthood with active disease and functional limitation. 9 10 Recent studies have shown that adult JIA patients have to cope with impairments of body functions and structures, limitations to their activity, and restricted participation in society. [9] [10] [11] [12] [13] [14] This may result in a considerable impact on the individual, their family and friends, and society.
This study aimed to assess the socioeconomic impact of JIA, and to provide information about the magnitude of JIA associated costs relating to the different JIA subgroups, disease activity, functional limitation, and types of healthcare provision.
METHODS

Study design
This was an incidence based, retrospective study conducted from a societal and patient's perspective, estimating 12 month costs associated with late JIA.
Study population
The data for the present cost analysis were derived from a 17 year follow up study. 9 The whole cohort comprised 215 JIA patients, (83% of the original cohort), who were assessed at the 2nd Children's Hospital between 1998 and 2000. All patients met the modified International League of Associations for Rheumatology criteria for JIA 15 at disease onset and had been referred to the Children's Hospital at Berlin-Buch between 1978 and 1988 (for greater detail, see Minden et al 9 ) .
Outcome definition Assessment included a clinical examination and a global physician's assessment of functional status (numeric rating scale from 0 to 10 on the Numeric Rating Scale-11 (NRS-11), and Steinbrocker functional status 16 ) and disease activity (NRS-11, remission according to defined criteria 17 ). For this study, a patient was considered to be in remission if he/she had had no active uveitis or inflammatory back pain for at least 2 months and fulfilled five or more of the following criteria: morning stiffness not exceeding 15 minutes, no fatigue, no joint pain, no joint tenderness, no swelling in joints or tendon sheaths, and/or an erythrocyte sedimentation rate (ESR) ,20 mm/hour. In addition, patients rated their pain, functional status, general health, and disease activity on NRS-11. Self completion questionnaires containing standardised instruments, such as German versions of the Health Assessment Questionnaire (HAQ Likert scale ranging from ''not at all'' to ''very much'' and reported on their need for help with daily routines.
Resource use data
Resource use data were obtained from the study participants by use of self completion questionnaires and a structured interview. Data on the patient's functional capacity, quality of life, depressive symptoms, income, vocational status, and out of pocket expenses were obtained by questionnaire, while information on the current state of signs and symptoms, current treatment, number and type of comorbidities, and use of healthcare services and resources over the preceding 3 months was collected by interview. Subsequently, a full review of the patient's clinical notes was performed to verify the interview/questionnaire data, including the medical records from the Children's Hospital, which were available for all patients, and those available for approximately half the patients still receiving medical care. No relevant differences between the information obtained from the patients and that given in the records were noted. Table 1 summarises the estimates of unit prices used in this article. The average price of a rheumatologist visit estimated by Merkesdal et al.
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was used as the unit price for rheumatology service use. This tariff had been estimated by those authors by means of a survey amongst rheumatologists, providing an average physician charge inclusive of routine laboratory tests and imaging. Unit prices for non-rheumatologist visits were valued according to data from the Federal Association of Panel Doctors, based on the German Act for Physician Charges. 22 Standardised reimbursement rates by the health insurance companies for specific services were used as the unit prices for non-physician service use (such as physiotherapy and occupational therapy). 23 The Red ListH 24 was the source for unit prices of specific drugs, from which the annual cost was estimated for the reported or a standard drug dose. An average price was used when only the substance was known. To estimate the cost of inpatient care for JIA, the daily generic hospital cost in Germany according to the federal statistical state office 26 was applied. A standardised unit price based on the average expenditure by pension insurance companies for a medical service in 1999 28 was applied for the use of non-acute hospital facilities. For all analyses, 1999 unit prices were used.
Non-healthcare costs expended by the patients covered 3 months and included disease related expenditures such as transportation, alterations to the home, cash adjustments to prescribed therapy, non-prescribed and alternative therapy, use of private and community services, and special equipment. All costs were converted into euros, applying 1.95583 German marks to 1 euro.
Cost estimation
To estimate the total annual outpatient cost of JIA, the number of each service type used because of JIA within the preceding 3 months was multiplied by 4, as was by the unit price for that service, and the two subsequently added together. For the estimation of hospitalisation cost, all acute hospital admissions with and without surgery related to JIA were considered. The cumulative number of days in hospital within the preceding 12 months was multiplied by the daily generic hospital cost. Additional charges for specific surgery, such as joint replacement, were taken into account. To calculate the rehabilitation cost, the average price per measure was applied, then inpatient and outpatient costs were added to calculate the total cost of direct medical care. Patient expenditures reported for the preceding 3 months were multiplied by 4 to compute the annual non-healthcare cost. Both healthcare and non-healthcare costs were then added to calculate the direct JIA cost.
The indirect costs of JIA were evaluated for the whole JIA group and for the active population (n = 105), which refers to those aged 16 years or over who were working or willing to work. Consequently, younger patients, students, and housewives were excluded from this group. The productivity costs were calculated by means of the human capital approach, taking into account all costs to society that arose from lost productivity caused by sick leave and work disability (complete cessation of employment and entitlement to a social security pension). The cumulative number of work days lost over the preceding 12 months was calculated for each patient individually. Population data of the year 1999 29 were used for the valuation of the loss of productivity. An estimate of the loss of productivity was obtained by multiplying the number of work days lost per year by the gross annual income of all gainfully employed workers (!1.053 billion), divided by the total number of labour force participants (32.497 million) and by 365 days. Thus, the cost of lost productivity amounted to approximately !89/person/ day. Kruskal-Wallis test and Mann-Whitney U test were used for statistical comparisons. Spearman's rank correlation was applied to study the correlation between direct and indirect cost. To evaluate the contribution of various disease variables to the costs in the whole cohort and in active JIA, respectively, two analyses were performed: a logistic regression analysis with backward elimination and cumulative logit models for ordinal responses in which the JIA groups were summed up to two groups with clearly different costs. The latter analysis contrasting four groups with different costs (!0, !1-500, !501-5000, and .!5000) considered the following variables: JIA subgroup (persistent oligoarthritis or enthesitis related arthritis; systemic arthritis, extended oligoarthritis, or seropositive polyarthritis), HAQ score (0, 0.13-0.74, and >0.75), CES-D score (0-10,11-15, and >16), and utilisation of specialised care (no or yes). A p value ,0.05 was considered statistically significant.
Sensitivity analysis
Due to the wide range in reimbursement rates for outpatient visits and inpatient stays across Germany, applied generic unit costs for outpatient visits and inpatient stays were uncertain parameters. In 1999, rates for outpatient visits varied by 35% depending on federal state, health insurance, and specialist, 22 while cost for inpatient care varied by 55% among the different hospitals and federal states. 26 In order to investigate the sensitivity of the cost estimated, the applied prices for the respective parameters were thus varied by the aforementioned percentages. In addition, as evaluation of the indirect costs according to the human capital approach leads to an overestimation of productivity costs in economic systems with underemployment, the friction cost method (FC) was also used to calculate productivity costs. This method limits the time of productivity loss to that period until replacement of the worker has taken place, assumed to equal to an average vacation period. 31 Therefore, in this analysis, costs due to productivity loss by the patients having been retired or on sick leave for more than 6 weeks were not taken into account to calculate indirect FC.
RESULTS
Out of 260 JIA patients referred to the 2nd Children's Hospital at Berlin-Buch between 1978 and 1988, 215 (83%) could be assessed. From table 2, it can be observed that more than half were female, mean age was 23 years, and mean disease duration was 17 years.
Outcome
At follow up, 45% of the JIA patients were in remission according to the defined criteria, although slightly more of the patients (48%) considered their disease as being inactive (NRS-11 = 0). As regards general health, 69% felt somewhat limited (NRS-11 .0), with 25% stating moderate to severe restrictions (NRS-11 >4). This was predominantly due to their rheumatic illness, as comorbidities were infrequent; they included atopic disorders in 20%, nephrolithiasis in 5%, osteoporosis in 3%, and psychiatric disorders in 3% of the patients. Overall, impairments in functioning (HAQ score .0) and quality of life (RAQol score .0) were reported by 39% and 60%, respectively. As assessed by the HAQ, 9% of patients needed assistance with activities of daily living, and when asked in general, 24% stated the need for help in order to be able to engage in their daily routines at all. That help was provided by a paid social worker in only 2% of the cases.
Of those not having attained remission, 90% and 80% of patients respectively reported impairments of global health (NRS-11 .0) and quality of life (RAQol .0). Functional limitations were stated by 63% (HAQ score .0) and 51% (NRS-11 .0), respectively. Joint pain within the previous week was reported by 78%, and restrictions in motion of at least one joint were observed in 80%. Almost 90% of the patients with active disease considered themselves to be physically burdened and 56% felt emotionally burdened by their illness. Moreover, 64% claimed to be somewhat burdened by the illness in terms of their professional goals or at the workplace. However, only 50% of them had been seen by a rheumatologist at least once within the preceding 12 months. Of the patients not in remission, 40% were receiving disease modifying anti-rheumatic drugs (DMARDs) and 37% non-steroidal anti-rheumatic drugs (NSAIDs) at follow up. Physiotherapy had been prescribed to only 28%. Overall, one third of the patients with an active disease were rated as being insufficiently provided with specialised care by the assessing physician, taking into account complaints stated by the patients, and results of the laboratory and clinical assessments. Patients under rheumatological care were the more severe cases; more than half (56%) had systemic arthritis, extended oligoarthritis, or polyarthritis, whereas these subgroups amounted to less than one third in those cases treated only by general practitioners. Furthermore, these patients had a significantly higher mean disease activity (3.9 v 2.3 on NRS-11, p = 0,001) and functional limitation (1.9 v 1.0 on NRS-11, p = 0.023) than those treated by general practitioners.
Total cost of illness
The number of resources used by the JIA patients and the proportion of patients having used these resources over the preceding 12 months form the basis of the cost estimation given in table 1. The resultant total mean cost was estimated to be !3471 per JIA patient and year (95% CI !2257 to !4685). Of the total cost, 55% was incurred by the healthcare service in the form of visits to health professionals, inpatient stays, and medications, and by the patient in the form of nonhealthcare cost. The remaining 45% of the total cost was indirect cost due to loss of productivity. Only a small proportion of the patients incurred high cost; 12% (n = 26) were responsible for 80% of all costs, while 30% caused no cost at all. When the various JIA subgroups were compared, it was seen that mean total cost diverged significantly among them (p,0.001). Patients with seropositive polyarthritis and extended oligoarthritis incurred the highest total mean cost, while patients with persistent oligoarthritis incurred the lowest mean cost. The mean healthcare, non-healthcare, and indirect costs related to subgroup are summarised in table 3.
As would be expected, persistent disease activity, functional disability, and restricted quality of life were associated with significantly higher cost (p,0.001), as shown in table 4. Furthermore, patients with an active disease who received specialised care incurred a higher cost than those not receiving such care (mean !9292 v !2069), which was due not only to a higher direct cost (!4994 v !1269), but also to a higher indirect mean cost (!4298 v !800).
In multivariate analysis contrasting patients with no v any cost, absence of remission (p = 0.041) and utilisation of specialised care (p,0.001) were determinants of the total cost. Altogether, the patients without remission incurred 90% of all costs. In the multivariate cumulative logit analysis it was found that presence of functional limitation, JIA subgroup, and utilisation of rheumatological care significantly contributed to the total cost in active JIA. Having a HAQ score of 0.13-0.74 or a score of >0.75 significantly increased the risk of incurring higher cost (OR 4.0; 95% CI 1.4 to 11.6; p = 0.005 and OR 8.5; 95% CI 1.9 to 37.7; p = 0.005, respectively). Furthermore, patients with systemic arthritis, extended oligoarthritis, or seropositive polyarthritis had an increased risk of incurring higher cost (OR 3.5; 95% CI 1.3 to 9.5; p = 0.014), as had those under rheumatological care (OR 10.5; 95% CI 3.6 to 33.3; p,0.001). Generally, direct and indirect costs were found to be positively associated (Spearman's rank correlation coefficient r S = 0.4; p,0.001).
Direct cost
Healthcare cost accounted for the major part of the direct cost (96%), while non-healthcare cost was almost negligible. Despite there being only 26 (12%) reported inpatient stays (acute and non-acute), these accounted for 53% of the direct and 55% of the total healthcare cost incurred by the entire cohort. Outpatient care took 43% of direct cost. Visits by health professionals accounted for 25% (5% rheumatology service use, 6% other JIA-related physician service use, 14% non-physician service use), devices and aids for 3%, and medications for 14% of direct care cost. Drugs cost was split as follows: 48% due to DMARDs, 17% to NSAIDs, 5% to osteoporosis treatment/prophylaxis, and 7% to gastroprotective agents. Only 26% of all patients were taking DMARDs and 21% NSAIDs at follow up. Patients with active disease incurred direct costs of approximately !3000 per year, whereas those with remission incurred only !400 (table 5) . While the proportion of the non-healthcare cost was similar in both patient groups, other components contributed in different extents to the direct costs, as shown in fig 1. The total annual mean non-healthcare cost incurred by the patients was rather low (!77), contributing to 4% of the direct cost. The largest proportion was due to cash adjustments to prescribed inpatient and outpatient treatments (!46), followed by expenditure for non-prescribed/alternative therapy (!20), and transportation (!11).
Indirect cost
While indirect cost amounted to 45% of the total cost in the whole cohort, it made up 68% of the total cost in the active population. Cost due to sick leave was 16% of the indirect costs in the active population. Within the preceding 12 months, 16% of the active population (28% of those with active disease) had been on sick leave, with a mean number of 34 days (range 2-120) of sick leave because of JIA per patient year. Patients with a part time job incurred significantly higher indirect and total costs than those employed full time (!1791 v !199 and !5057 v !898, respectively; p = 0.001). With regard to the active population, mean indirect costs were highest in patients with seropositive polyarthritis and extended oligoarthritis, where they contributed to 73% and 74% to the total cost. In contrast, the lowest indirect costs were estimated for patients with persistent oligoarthritis and enthesitis related arthritis (table 6) .
Sensitivity analysis
The variation of the uncertain variables as reimbursement rates for outpatient (rheumatologist and non-rheumatologist) visits and inpatient stays by ¡35% and ¡55% resulted in a maximum change in healthcare cost of 30% and in total cost of 16%. In fact, the lower extreme for the mean healthcare cost (that is, reducing outpatient cost by 35% and inpatient cost by 55%) was !1278, and the upper extreme (that is increasing outpatient cost by 35% and inpatient cost by 55%) was !2365. Estimated lower and upper extremes for the mean total 12-month cost amounted to !2927 and !4014, respectively. Applying the FC the indirect cost in the active population is !269, which is approximately one tenth of that estimated by means of the human capital method. The indirect FC accounts for 25% of the total cost-that is, !1087 or one third of that estimated by the human capital method.
DISCUSSION
Economic questions are now central to the practice of medicine in general and of rheumatology in particular. Recent data have shown the major economic impact of some musculoskeletal diseases on patients' daily life and on society. [32] [33] [34] [35] However, little information is available concerning the cost of JIA, the most common chronic inflammatory rheumatic disease in children.
To our knowledge, this is the first retrospective incidence based study providing descriptive data on the pattern of resource used by patients with late JIA. The study has shown that after a mean disease duration of 17 years, 55% of the JIA patients still had an active disease and 40% received specialised healthcare. Absence of remission and utilisation of rheumatological care were the main contributors to the total cost, up to approximately !3500 per patient year in this JIA cohort. This cost appears rather low, but it has to be borne in mind that: (a) this study was incidence based, and therefore included patients (45%) who had attained remission; (b) approximately one third of the patients with active disease were insufficiently provided with specialised care, and therefore incurred a lower healthcare cost; and (c) more than 40% were students for whom days absent from college or university due to JIA were not taken into account when calculating the productivity loss. However, patients with active disease incurred an annual cost of approximately !5700, with those under specialised care incurring !9000. This is similar to total costs estimated for patients with chronic arthritides acquired in adulthood, such as rheumatoid arthritis, psoriatic arthritis, and ankylosing spondylitis. [32] [33] [34] Significant differences were observed among the incurred annual costs in the various JIA subgroups, underlining that JIA is a heterogeneous disease. Costs were highest in patients with seropositive polyarthritis, extended oligoarthritis, or systemic arthritis, while they were lowest in patients having persistent oligoarthritis or enthesitis related arthritis. This is unsurprising, bearing in mind the different long term outcomes of patients with different JIA subtypes 9 and their different use of medical services. A comparison of the subgroup related costs is restricted owing to lack of data for other patients with juvenile arthritis. Moreover, as cost of illness studies in ''adult'' arthritis focus on active disease as a rule, with many of them performed at rheumatology disease centres, 32 34 35 a data comparison is further hampered. Taking this into account, the following relates to JIA patients with an active disease.
In contrast to other musculoskeletal diseases, 36 the direct cost outweigh the indirect costs in late JIA. This is a result of the nature of the assessed patient cohort, which comprised adolescents and young adults still attending college or university and, therefore, not being available for work. In the active population, however, indirect cost accounted for approximately two thirds of the total cost. This is consistent with estimates in RA, where indirect cost made up 50275% of the total cost. [36] [37] [38] [39] Admittedly, work disability and sick leave rates were much lower in late and active JIA, compared with late RA (5% v 39% 40 and 28% v 44% 41 , respectively). Indirect costs were in turn highest in patients with seropositive polyarthritis and extended oligoarthritis. These were patients who experienced more frequent and more severe functional impairment, which is regarded as a relevant influencing factor on indirect costs. 35 There were difficulties in estimating indirect costs in this study. On the one hand, indirect costs were possibly underestimated because productivity loss referred only to the active population, and time lost from study by the patients or time lost from work by the patients' families and friends was not considered. Furthermore, a significantly higher proportion of patients were still completing their vocational training compared with the age matched population. It may be that some of these patients deferred their transition into the workforce or were even unable to work. This is supported by the fact that the part time employed incurred a significantly higher cost than the full time employed, which raises the suspicion of part time employment because of JIA. On the other hand, there may have been an overestimation of indirect cost as a result of using the human capital approach in a country with an unemployment rate of 12% among young adults. 29 By applying the friction cost method, the indirect cost would be only a tenth of that estimated by the human capital method, reducing the total cost to !1100 per patient in the active population.
The direct cost analysis revealed that in accordance with the majority of studies in RA 34 37-39 inpatient care was the main source of expenditure in JIA. Even though only 12% of patients required inpatient care, it was responsible for more than half the direct costs. Patients with active disease under specialised care incurred significantly higher direct cost than those not receiving rheumatological care, as would be expected. However, these patients also incurred higher indirect costs because they were the more severe cases. In view of the long term morbidity and mortality in JIA, 11-13 42 these data should not lead to the conclusion that specialised care simply increases cost of illness. The consequences of absence of specialised care in late, still active JIA should be addressed in further follow up studies.
Self report questionnaires are an attractive, cost effective approach to assess the intangible cost for an individual patient. 43 Quality of life, functional status, and depression measures are particularly used to evaluate the ''price'' paid by the patient. In this study, approximately one in 10 patients showed substantial impairment of quality of life and functioning or felt considerably burdened by their illness. These were the patients who incurred the major share of the cost. Compared with other studies evaluating the impact of a chronic rheumatic disease, this is a rather low proportion. 44 45 This could be explained by the fact that many patients, growing up with the disease, have adapted to their limitations, or that the chosen measures to assess the patients' health were not sensitive enough to disclose all the problems with which adolescents and young adults with JIA have to cope. The latter assumption is supported by the fact that twice as many patients stated the need of support in daily life when asked in general, compared with when asked using the HAQ.
As with any study, the results have to interpreted in the light of the study's limitations. Cost estimation relied on self reported data where recall bias cannot be ruled out. This especially applies to the reported number of work days lost over the preceding 12 months, which is a very long recall period. ''Standard'' assigned cost per day, per visit, or per prescription based upon publicly available figures were used in this analysis, while the actual cost may vary from those considered. Further, the number of patients within some subgroups was relatively small. Otherwise, this study was incidence and population based and the obtained data can therefore be regarded as representative. An overestimation of cost due to patient selection can definitely be excluded.
This study gives an estimate of 12 month cost in late JIA, being only a fraction of the life long cost of illness. Further research should involve patients with recent onset of JIA and collect detailed cost data that can be used to assess the efficacy and cost effectiveness of different treatment strategies in JIA.
